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Supplementary detailed experimental procedures 

1. QCM Analysis  

In QCM analysis, the relationship between ∆𝑚 and ∆𝐹 can be described by the Sauerbrery 

equation (1) as follows [S1]. 

𝛥𝐹(𝐻𝑧) = −
2𝐹0

2

𝐴√𝜌𝑞𝜇𝑞
⋅ 𝛥𝑚   (1) 

herein, F0 (~ 5 MHz) refers to fundamental resonance frequency of the crystal, and A 

represents the surface area (cm2) of an electrode. Additionally, ρq and µq denote mass density 

(2.65 g cm-3) and shear modulus (2.95 × 1011 g cm-1 s-2), respectively. After substituting these 

parameters, the equation (1) can be simplified to the following equation (2):  

𝛥𝐹(𝐻𝑧) = − 56.6 ⋅ 𝛥𝑚    (2) 

2. Preparation of the Pt/C Ni foam electrode 

Pt/C-coated Ni foam electrode was prepared by dispersing 1 mg Pt/C (20 wt.% Pt on Vulcan 

XC-72) in 300 µL of ethanol solution with 10.5 µL of 5 wt.% Nafion [S2]. The resulting 

catalyst dispersion was drop-casted onto a commercial Ni foam (0.5 × 0.5 cm2), and then 

dried at room temperature for 8 h under vacuum condition. 

3. Preparation of the IrO2 Ni foam electrode  

IrO2-coated Ni foam electrodes were prepared by dispersing 1 mg IrO2 in 300 µL of ethanol 

solution with 10.5 µL of 5 wt.% Nafion [S2]. Specifically, the IrO2 catalyst-containing solution 

was drop-casted onto a commercial Ni foam (0.5 × 0.5 cm2) using the same method as described 

above for the Pt/C Ni foam electrode. The IrO2-coated Ni foam was then dried at room 

temperature for 8 h under vacuum condition. 
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4. Computational Methods  

Density functional theory (DFT) calculations were performed using Vienna ab initio simulation 

software package (VASP) [S3-S6]. The electron exchange-correlation functionals were adopted 

by the generalized gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) 

method [S7]. The projector augmented wave (PAW) method [S8, S9] was used for the explicit 

treatment of valence electrons with a plane wave cutoff energy of 500 eV. The convergence 

criteria of energy and maximum force are 10–6 eV and 0.02 eV/Å, respectively. For Ni and 

NiMo model structures, we considered Ni (111) metal slabs consisting of five atomic layers 

with the 4 × 4 supercells. A vacuum region of 15 Å normal to the surface was introduced to 

suppress the undesired image-image interactions due to the periodic boundary conditions. The 

bottom two layers were fixed to mimic a thick bulk layer while the rest of the atoms were 

allowed to fully relax. The Brillouin zones were sampled using the Monkhorst-Pack scheme 

[S10] with 2 × 2 ×1 k-points. 

The surface free energy is calculated as 

𝛾 =  (𝐸tot − 𝑛Ni𝐸Ni − 𝑛Mo𝐸Mo)/2𝐴  (3) 

where γ is the surface free energy of the metal alloy slab, Etot is the total energy of the relaxed 

metal alloy slab, A is the surface area of the model, natom and Eatom are the number of atoms in 

the slab model and the energy of one atom in the bulk structure, respectively. 

The Gibbs free energy of HER and OER were calculated as follows: 

𝛥𝐺ads  =  𝛥𝐸ads  + 𝛥𝐸ZPE –  𝑇𝛥𝑆  (4) 

where ΔEads is the DFT-calculated adsorption energy of HER and OER adsorbate, ΔEZPE is the 

zero-point energy difference between the adsorbate and the gas phase of adsorbate, and TΔS is 

the entropic contribution to the free energy.  
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For both Ni-LDH and NiFe-LDH structures, a Ni(OH)2 framework with a (011) 

orientation was employed as the host structure. Specifically, for NiFe-LDH, a Fe atom was 

substituted for the surface-exposed Ni to focus explicitly on the effects of Fe substitution. The 

Hubbard correction proposed by Dudarev et al. was used to accurately treat the Ni and Fe 3d 

states with a U-value of 6.6 eV and 3.5 eV on the Ni and Fe 3d states, respectively [S11,S12].  

Under alkaline conditions, the oxygen evolution reaction proceeds through the 

following four steps: 

∗  + OH−  → ∗ OH + 𝑒−    (5) 

∗ OH + OH−  → ∗ O + H2O(𝑙) + 𝑒−  (6) 

∗ O + OH−  → ∗ OOH + 𝑒−   (7) 

∗ OOH +  OH−  → ∗ +O2(𝑔) + H2O(𝑙) + 𝑒− (8) 

where * represents the active site on each catalyst, and *OH, *O, and *OOH are adsorption 

intermediates of the OER, respectively. 

5. Carbon corrosion test  

For carbon corrosion test (in-situ gas analysis) of OER electrodes, a mass spectrometer (Cirrus 

2, MKS Instruments) was connected to the electrochemical cell in series. Ar gas (ultrahigh 

purity, Airgas) was fed into the electrochemical cell as a carrier gas (flow rate of 20 mL min−1) 

controlled by a mass flow controller (G-series, MKS Instruments) [S13]. 

6. Calculation of faradaic efficiency  

Faradaic efficiency of water splitting was calculated using the results measured by a eudiometer 

in an experimental setup. For this, the working electrode was fixed inside an inverted burette 

filled with electrolyte. Entire metal wires used for connecting the working electrode were coated 
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with insulating epoxy to prevent charge loss from side reactions. The evolved gases were 

directly collected in the headspace of the inverted burette, and the corresponding gas volume 

was determined by the displacement of the vertical water column. Based on this method, 

Faradaic efficiency was calculated by comparing the amount of evolved gas with the 

theoretically calculated amount of gas based on the charge passed through the electrode: 

Faradaic efficiency (H2) =
𝑉𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡

𝑉𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
=

𝑉𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
2

4
×

𝑄

𝐹
×𝑉𝑚

 (9) 

Faradaic efficiency (O2) =
𝑉𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡

𝑉𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
=

𝑉𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
1

4
×

𝑄

𝐹
×𝑉𝑚

 (10) 

where F is the Faraday constant (96,485 C mol−1), Q is the total amount of the charge passed 

through the electrodes, the number 4 represents 4 moles of electrons per mole of H2O, the 

number 2 represents 2 moles of H2 per mole of H2O, the number 1 represents 1 mole of O2 per 

mole of H2O and Vm is the molar volume of gas (24.5 L mol−1, 298 K, 101 kPa) [S14]. 
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Supplementary figures 

 

 

 

 

 

 

Fig. S1. HR-TEM image. HR-TEM image of COOH-MWCNT. 
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Fig. S2. Preparation of COOH-MWCNTs. FTIR spectra of (a) COOH-MWCNT and (b) 

TREN. The insets show the molecular structure of COOH-MWCNT and TREN. 

  

a b 
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Fig. S3. UV-vis spectroscopy data. UV-vis spectra of (COOH-MWCNT/TREN)n multilayers 

as a function of bilayer number (n). 
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Fig. S4. Water contact angle measurement. Water contact angle of (a) (COOH-

MWCNT/TREN)20 multilayer-coated Si wafer and (b) pristine MWCNT-casted onto Si wafer 

using N-Methyl-2-pyrrolidone solvent. 

  

a b 
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Fig. S5. FE-SEM images of COOH-MWCNT-based textile. FE-SEM images of 

(COOH−MWCNT/TREN)n multilayer-coated textile with different bilayer number (n). (a) n = 

0, (b) n = 5, (c) n = 10, and (d) n = 20. 

  

a b 

c d 
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Fig. S6. XPS analysis.  O 1s XPS spectra of Ni‒ED CTT 
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Fig. S7. CV and ECSA measurements. CV curves for (a) Ni-ED CTT, (b) MWCNT-free Ni-

ED textile, (c) Ni-ED carbon cloth, and (d) bare Ni foam. These CV curves were recorded in 

the non-faradaic region (0.2‒0.3 V) at different scan rates (5, 10, 20, 50, and 100 mV s−1). (e) 

ECSA values for each electrodes calculated from Cdl (double-layer capacitance) based on 

a 

c 

b 

d 

e 
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following equation: 

ECSA = Cdl/Cs × GSA 

in here, Cs is specific capacitance of Ni (40 F cm−2) and GSA means geometric surface area 

of an electrode. 
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Fig. S8. XRD analysis. XRD patterns of Ni electrodeposited (COOH−MWCNT/TREN)20 

multilayer-coated Si wafer, Ni electrodeposited MWCNT-free Si wafer, and bare Ni plate. 
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Fig. S9. Water contact angles and FE-SEM images. Water contact angle and tilted (40˚) FE-

SEM images of (a) Ni-electrodeposited (COOH−MWCNT/TREN)20 multilayer-coated Si 

wafer, (b) Ni-electrodeposited MWCNT-free Si wafer, and (c) bare Ni plate. 

  

a 

b 
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Fig. S10. HER polarization curves. The HER polarization curves of the NiMo-ED CTT with 

different electrodeposition time. 
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Fig. S11. XRD analysis. XRD patterns of NiMo‒ED CTT and Ni-ED CTT 

 

 

 

 

  



 

18 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S12. HR-TEM and EDS mapping images. (a) HR-TEM images and (b) its corresponding 

EDS mapping of NiMo-ED CTT. 

 

 

  

a 
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Fig. S13. Tafel plots. Tafel plots for the for NiMo-ED CTT versus MWCNT-free NiMo-ED 

textile, Ni-ED CTT, and Pt/C Ni foam. In lower overpotential area, NiMo-ED CTT exhibited a 

Tafel slope of 28.5 mV dec-1 and followed the reation with a Tafel step as the rate-determining 

step (RDS). In contrast, each electrode showed a Tafel slope of around 120 mV dec-1 in the 

high over potential region, indicating that the Volmer step acts as the RDS for HER. 
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Fig. S14. EIS plots of HER electrodes. EIS plots of (a) NiMo‒ED CTT, (b) MWCNT-free 

NiMo-ED textile, (c) Ni-ED CTT, and (d) Pt/C-Ni foam with the corresponding equivalent 

circuit (inset). 

 

  

a b 

c d 
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Fig. S15. ECSA data of HER electrodes. Scan rate-dependent CV curves of (a) NiMo‒ED 

CTT, (b) MWCNT-free NiMo-ED textile, and (c) Ni-ED CTT in the non-faradaic region (0.2-

0.3 V). (d) Double-layer capacitance (Cdl) for the electrodes calculated from linear fitting. (e) 

Normalized current densities (|j|) of three different HER electrodes with respect to the 

a b 

c 

e 
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corresponding ECSA values (876 cm2 for NiMo−ED CTT, 834 cm2 for Ni‒ED CTT, and 407.5 

cm2 for MWCNT-free NiMo-ED textile calculated based on the specific capacitance of 40 F 

cm−2 of Ni).  



 

23 

 

 

 

 

 

 

 

 

 

Fig. S16. Shift of Ni0 peaks in XPS spectra. Ni0 peaks in the core level Ni 2p1/2 and Ni 2p3/2 

XPS spectra of NiMo‒ED CTT and Ni-ED CTT. 
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Fig. S17. Ni K-edge XAS characterization. (a) First derivatives of Ni K-edge XANES 

absorption edge and (b) EXAFS spectra for the NiMo-ED CTT and Ni-ED CTT. R indicates 

reduced distance. 

 

 

  

a 
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Fig. S18. Ni (111) and NiMo (111) model structures. Atomic configurations of the most stable 

surface for each number of substituted Mo atoms. The structures with the red color in the model 

name are convex hull points. 
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Fig. S19. XPS analysis. (a) Ni 2p, (b) Mo 3d XPS spectra of NiMo‒ED CTT before and after 

HER stability test for 30 h. 

 

 

 

  

b a 
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Fig. S20. FE-SEM images. Planar FE-SEM images of NiMo‒ED CTT (a) before and (b) after 

the HER stability test for 30 h. 

 

 

  

a 
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Fig. S21. OER polarization curves. The OER polarization curves of the NiFe-ED CTT with 

different electrodeposition time. 
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Fig. S22. HR-TEM analysis. (a) HR-TEM images and (b) its corresponding EDS mapping of 

NiFe-ED CTT. 
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Fig. S23. Current densities of electrodes as a function of potential. CV curves of NiFe-ED 

CTT were recorded (dashed line). In a forward sweeps, NiFe-ED CTT showed peaks at 

potential of 1.4 V, which indicated the conversion of Ni(II) to Ni(III) (i.e., conversion from 

Ni(OH)2 to NiOOH). To alleviate this capacitive current, the OER polarization curve was 

obtained by averaging the current densities of forward and backward sweeps (solid line). 
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Fig. S24. OER polarization curves. The OER polarization curves of the NiFe-ED CTT, 

MWCNT-free NiFe-ED textile, Ni-ED CTT, and IrO2 Ni foam measured using a graphite rod 

as a counter electrode. 
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Fig. S25. EIS plots. EIS plots for the for NiFe-ED CTT, MWCNT-free NiFe-ED textile, Ni-

ED CTT, and IrO2 Ni foam at an applied potential of −1.5 V (vs. RHE). 
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Fig. S26. EIS plots of OER electrodes. EIS plots of (a) NiFe‒ED CTT, (b) MWCNT-free 

NiFe-ED textile, (c) Ni-ED CTT, and (d) IrO2-Ni foam with the corresponding equivalent 

circuit (inset). 

 

 

  

a b 

c d 
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Fig. S27. Mass spectra of CO2 and O2 from the OER electrode. The mass spectra of CO2 

and O2 from the OER electrode was examined to analyze carbon corrosion. This analysis was 

performed at voltage levels of (a) 1.5 V and (b) 2.0 V (vs. RHE). To assess carbon corrosion, a 

corrosion test was executed, involving the application of a consistent potential of 1.5 V and 2.0 

V (vs. RHE) to the OER electrode for a duration of 10 min. The quantity of CO2 released during 

this corrosion test, serving as a direct indicator of carbon corrosion, was measured over time 

using mass spectrometry. No traces of CO2 gas were detected during the corrosion test, and this 

outcome strongly suggests the absence of carbon corrosion. 

 

  

a b 
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Fig. S28. ECSA data of OER electrodes. Scan rate-dependent CV curves of (a) NiFe‒ED CTT, 

(b) MWCNT-free NiFe-ED textile, and (c) Ni-ED CTT in the non-faradaic region (0.95 - 1.05 

V). (d) Double-layer capacitance (Cdl) for three different electrodes. As a result, ECSA values 

were calculated to be 698 cm2 for NiFe−ED CTT, 577 cm2 for Ni‒ED CTT, and 306 cm2 for 

MWCNT-free NiFe-ED textile based on the specific capacitance of 40 F cm−2 of Ni). 

  

a b 

c d 
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Fig. S29. OER DFT calculation. (a) Geometry-optimized atomic structures of Ni- and NiFe- 

LDH structures. (b) the Gibbs free energy diagram of OER for Ni- and NiFe-LDH. 

 

  

a 
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Fig. S30. XPS analysis. (a) Ni 2p, (b) Fe 2p XPS spectra of NiFe‒ED CTT before and after 

OER stability test for 30 h. 

 

 

  

a b 
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Fig. S31. FE-SEM images. Planar FE-SEM images of NiFe‒ED CTT (a) before and (b) after 

the OER stability test for 30 h. 

 

 

  

a 
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Fig. S32. Raman spectra. The raman spectra of the pristine MWCNT, COOH-MWCNT, CTT, 

NiMo-ED CTT, and NiFe-ED CTT. 
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Fig. S33. Current densities of electrodes as a function of potential. CV curves of NiMo‒ED 

CTT cathode║NiFe‒ED CTT anode were recorded (dashed line). The difference between a 

forward and reverse sweeps was attributed to capacitive current and Ni oxidation current. The 

polarization curves of water-splitting devices were derived by averaging the measured values 

obtained from both forward and reverse sweeps of the CV curves (solid line). This averaging 

process aimed to reduce the impact of capacitive current and Ni oxidation current on the results. 
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Fig. S34. Stability test. Chronopotentiometry curve of NiMo-ED CTT║NiFe-ED CTT cell at 

at variable current densities of 3,000 mA cm−2 and 1,000 mA cm−2, alternately. 
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Fig. S35. XPS analysis. (a) Ni 2p, (b) Mo 3d XPS spectra of NiMo‒ED CTT and (c) Ni 2p, (d) 

Fe 2p XPS spectra of NiFe‒ED CTT before and after stability test for 30 h (half-cell) and 2,000 

h (full-cell). 

  

  

a b 

c d 
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Fig. S36. XRD analysis. XRD patterns of (a) NiMo‒ED CTT and (b) NiFe-ED CTT after 

stability test for  2,000 h. 

 

  

a b 
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Fig. S37. Photographic image. The photographic image of full-cell water-splitting device 

composed of the NiMo-ED CTT║NiFe-ED CTT electrodes. Hydrogen and oxygen gases are 

generated and collected in the cylinders.  
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Fig. S38. Polarization curves. Polarization curves of NiMo-ED CTT║NiFe-ED CTT and 

conventional water-splitting electrodes (Raney nickel/Ni foam) measured in a 30 wt.% KOH 

electrolyte at 60 ℃. 
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Fig. S39. Photographic images. Photographic images of bare textile, CTT, Ni-ED CTT, 

NiMo-ED CTT, and NiFe-ED CTT.  
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Fig. S40. Photographic images. Photographic images of electrodes based on cotton, polyester, 

nylon, and silk textile and cellulose paper. (scale bar, 0.5 cm)  
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Table S1. HER overpotentials (η) at 10, 1,000, and 3,000 mA cm-2 and resistance values for 

NiMo-ED CTT, MWCNT-free NiMo-ED textile, Ni-ED CTT, and Pt/C Ni foam. 

 
η10 

(mV) 
η1,000 

(mV) 
η3,000 

(mV) 
Rs 

(Ω) 

Rct 

(Ω) 

NiMo-ED CTT 8 203 233 1.5 1.8 

MWCNT-free  

NiMo-ED textile 
20 251 348 1.5 3.7 

Ni-ED CTT 15 305 401 1.6 4.6 

Pt/C Ni foam 19 520 - 3.1 6.1 
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Table S2. OER overpotentials (η) at 50, 100, 1,000, and 3,000 mA cm-2 and resistance values 

for NiFe-ED CTT, MWCNT-free NiFe-ED textile, Ni-ED CTT, and IrO2 Ni foam. 

 
η50 

(mV) 

η100 

(mV) 

η1,000 

(mV) 

η3,000 

(mV) 

Rs 

(Ω) 

Rct 

(Ω) 

NiFe-ED CTT 189 202 227 250 1.8 0.9 

MWCNT-free 

NiFe-ED textile 
227 241 307 444 1.8 1.3 

Ni-ED CTT 285 301 384 522 1.5 11.8 

IrO2 Ni foam 316 334 497 - 2.8 132 
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Table S3. Cell voltages at 10, 100, 1,000, and 3,000 mA cm-2 of NiMo-ED CTT║NiFe-ED 

CTT, MWCNT-free NiMo‒ED textile║ MWCNT-free NiFe‒ED textile, symmetric Ni-ED 

CTT║Ni-ED CTT, and conventional water-splitting electrodes (Pt/C Ni foam║IrO2 Ni foam). 

 Cell voltage (V) 

 
10  

mA cm-2 

100  

mA cm-2 

1,000  

mA cm-2 

3,000  

mA cm-2 

NiMo-ED CTT║ 

 NiFe-ED CTT 
1.34 1.55 1.77 2.01 

MWCNT-free 

 NiMo-ED textile║  

NiFe-ED textile 

1.47 1.62 1.92 2.35 

Ni-ED CTT║  

Ni-ED CTT 
1.40 1.71 1.99 - 

Pt/C Ni foam║ 

IrO2 Ni foam 
1.56 1.72 2.04 - 
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Table S4. ICP-MS data. ICP-MS data of electrolyte (KOH) after 20 h of water splitting 

reaction at current density of 3,000 mA cm−2.  

* Fe contents were calculated by subtracting the value of the unrreacted solution from the value 

of the reacted solution. 

 

 

 

  

 ICP-MS data of KOH after 20 hours of test 

Ni Not detected (< 111.1 µg/L) 

Mo Not detected (< 111.1 µg/L) 

Fe 3 µg/L 
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Table S5. Performance comparison of Ni-based HER electrodes. 

HER catalyst Method 
Overpotential  

(mV) 

Tafel plot 

(mV dec
-1

) 
Reference 

NiMo-ED CTT 

MWCNT assembly 

induced  

electrodeposition 

8 @10 mA cm−2 28.5 Our work 

(NixFeyCo6-x-y) 

Mo6C/Ni Foam 
Hydrothermal 20 @10 mA cm−2 55.1 [S15] 

NiMoO4-H2/ 

Ni Foam 
Hydrothermal 21 @10 mA cm−2 - [S16] 

Ni/NiFeMoOx/ 

Ni foam 
Hydrothermal 22 @10 mA cm−2 76 [S17] 

NiMo/Ni-P 

Cellulose paper 

Electrodeposition, 

electroless plating 
32 @10 mA cm−2 60.9 [S18] 

Ni-MoO2/ 

Ni foam 
Induction heating 39 @10 mA cm−2 75.0 [S19] 

NiFeMo/ 

Ni foam 
Hydrothermal 45 @10 mA cm−2 - [S20] 

Ni5Co3Mo-OH 

nanosheets/Ni 

foam 

Chloride corrosion 52 @10 mA cm−2 59 [S21] 

NiFeOx@NiCu Solvothermal 66 @10 mA cm−2 67.8 [S22] 

FeNi-MOF/ 

Ni foam 
Solvothermal 79 @10 mA cm−2 30.1 [S23] 

N-Ni3S2/Ni foam Thiourea calcination 110 @10 mA cm−2 - [S24] 

NiMo-PVP/ 

Carbon cloth 

Dip coating, 

annealing 
130 @10 mA cm−2 84 [S25] 
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Table S6. Performance comparison of Ni-based OER electrodes 

OER catalyst Method 
Overpotential  

(mV) 

Tafel plot 

(mV dec
-1

) 
Reference 

NiFe-ED CTT 

MWCNT assembly 

induced  

electrodeposition 

103 @10 mA cm−2 

189 @50 mA cm−2 

202 @100 mA cm−2 

30.1 Our work 

Ni–Fe 

LDH@NiCu 
Solvothermal 218 @10 mA cm−2 56.9 [S22] 

NiFeMo/ 

Ni foam 
Hydrothermal 238 @10 mA cm−2 35 [S20] 

NiFe LDH/ 

Ni foam 
Induction heating 246 @10 mA cm−2 46.6 [S19] 

NiFe-PVP/ 

Carbon cloth 

Dip coating, 

annealing 
297 @10 mA cm−2 48 [S25] 

FeNi-MOF/ 

Ni foam 
Solvothermal 235 @50 mA cm−2 55.4 [S23] 

NiFe/Ni-P 

Cellulose paper 

Electrodeposition, 

electroless plating 
240 @50 mA cm−2 29.7 [S18] 

NixFeN/Ni3N/ 

Ni Foam 
Thermal nitridation 258 @100 mA cm−2 43 [S16] 

Ni/NiFeMoOx/

Ni foam 
Hydrothermal 289 @100 mA cm−2 35 [S17] 

Ni5Co3Mo-OH 

nanosheets/Ni 

foam 

Chloride corrosion 304 @100 mA cm−2 56.4 [S21] 
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Table S7. Performance comparison of Ni-based overall water splitting electrodes 

HER catalyst 

(Cathode) 

OER catalyst 

(Anode) 
Voltage (V) 

Current 

density 

(mA cm-2) 

Durability 

(hour) 
Reference 

NiMo-ED CTT NiFe-ED CTT 

1.34  

@10 mA cm−2 

1.55  

@100 mA cm−2 

1.77  

@1,000 mA cm−2 

2.01 

@3,000 mA cm−2 

3,000 1,000 
Our  

work 

FeP/Ni2P/Ni 

foam 

FeP/Ni2P/Ni 

foam 

1.42  

@10 mA cm−2 

1.60  

@100 mA cm−2 

1.72  

@500 mA cm−2 

1.78  

@1,000 mA cm−2 

500 40 [S26] 

Ni5Co3Mo-OH 

nanosheets/Ni 

foam 

Ni5Co3Mo-OH 

nanosheets/Ni 

foam 

1.43  

@10 mA cm−2 

1.60  

@100 mA cm−2 

100 100 [S21] 

Ni2P Ni Foam 
NiFe LDH Ni 

Foam 

1.60  

@43 mA cm-2 

2.00  

@860 mA cm-2 

1,250 16 [S27] 

Ni–P–B paper Ni–P–B paper 

1.44  

@10 mA cm-2 

1.66  

@50 mA cm−2 

1.79  

@200 mA cm−2 

1,000 60 [S28] 

NiMo/Ni-P 

Cellulose paper 

NiFe/Ni-P 

Cellulose paper 

1.51  

@10 mA cm−2 

1.75  

@40 mA cm−2 

15 200 [S18] 

Ni-MoO2/ 

Ni foam 

NiFe LDH/ 

Ni foam 

1.50  

@10 mA cm−2 

2.00 

@200 mA cm−2 

25 12 [S19] 
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MnOx/NiFeP 

Ni Foam 

MnOx/NiFeP 

Ni Foam 

1.69  

@100 mA cm−2 

1.83  

@1,000 mA cm−2 

500 120 [S29] 

NiFeMo/ 

Ni foam 

NiFeMo/ 

Ni foam 

1.45  

@10 mA cm−2 
50 50 [S20] 

Ni-Mo-P 

aerogel 

Ni-Mo-P 

aerogel 

1.46  

@10 mA cm−2 
10 40 [S30] 

(NixFeyCo6-x-y) 

Mo6C/Ni Foam 

(NixFeyCo6-x-y) 

Mo6C/Ni Foam 

1.47  

@10 mA cm−2 
500 50 [S15] 

N-Ni3S2/Ni 

foam 

N-Ni3S2/Ni 

foam 

1.48  

@10 mA cm−2 
20 8 [S24] 

FeNi-MOF/ 

Ni foam 

FeNi-MOF/ 

Ni foam 

1.495  

@10 mA cm−2 
500 100 [S23] 

Ni/NiFeMoOx/

Ni foam 

Ni/NiFeMoOx/

Ni foam 

1.50  

@10 mA cm−2 
500 100 [S17] 

Ni2(1–x)Mo2xP/ 

Ni Foam 

Cu@NiFe LDH

/Ni Foam 

1.51  

@10 mA cm−2 
10-500 70 [S31] 

NiFeOx@NiCu 
Ni–Fe 

LDH@NiCu 

1.52  

@10 mA cm−2 
50 10 [S22] 
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